Introduction {#sec1_1}
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Podocytic infolding glomerulopathy (PIG) has recently been proposed as a possible new pathological entity \[[@B1]\]. In PIG, microspheres or microtubular structures, or both, are associated with the infolding of cytoplasmic processes of podocytes into the glomerular basement membrane (GBM). It is not known whether this lesion indicates a new disease entity or a transient morphological finding of a well-known disease. However, several cases with an apparently unique microstructure showing podocytic infolding have been reported as PIG. Although most cases were diagnosed as lupus nephritis or another primary glomerulonephritis, based on light microscopic findings, 4 cases were diagnosed as a minor glomerular abnormality (MGA). We report a case of PIG with microspheres in the GBM that were diagnosed as MGA based on light microscopic findings. After 3 years, the patient had a nephrotic-range proteinuria and was diagnosed by a second renal biopsy as having focal segmental glomerulosclerosis (FSGS) with PIG. This is the first report of a case of PIG that was diagnosed as MGA based on the first light microscopic findings and, 3 years later, as complicated with FSGS.

Case Report {#sec1_2}
===========

A 14-year-old girl was referred to our institution as an inpatient because of proteinuria. When she was 9 years old, she had urinary protein (UP) detected during a school physical examination and she was followed in the Pediatrics Department of our hospital. Her UP gradually increased to a level of 1.9 g/day, and at 14 years, she was referred to our division. Laboratory tests showed a UP level of 2.35 g/day, negative results for urinary sedimentation, and creatinine clearance of 111.9 ml/min/1.73 m^2^. No cytopenia, hypocomplementemia, or elevated liver enzymes were found (table [1](#T1){ref-type="table"}). Her physical findings were normal. Light microscopy of her first renal biopsy specimens showed a total of 14 glomeruli, 1 of which had global sclerosis; the others were MGAs. However, under light microscopy at a higher magnification under periodic acid methenamine silver (PAM) staining, the glomeruli had a bubbling appearance of diffuse glomerular loops (fig. [1](#F1){ref-type="fig"}). Immunofluorescent staining was negative for immunoglobulin, complement, and fibrinogen. Electron microscopy revealed microspheres in the GBM, which were sparse but global (fig. [2](#F2){ref-type="fig"}). The microstructures took various forms, and almost all of them were encircled with a unit membrane. There was no direct consecutive podocytic infolding in the GBM, nor any mesangial interposition. The endothelial cells were not swollen. Foot process effacement was scattered and there was no thickening of the GBM. This finding suggested the possibility of PIG. The patient was started on telmisartan 10 mg/day. However, her UP level gradually increased to the nephrotic range by 16 years, and at 17 years of age, she underwent a second renal biopsy. Laboratory tests showed a UP level of 3.06 g/day, negative results for urinary sedimentation, and creatinine clearance of 156.5 ml/min/1.73 m^2^. Antinuclear antibodies had changed to positive and the double-stranded deoxyribonucleic acid (dsDNA) level was elevated at 14 IU/ml. Serum total protein level was 5.5 g/dl and serum albumin level was 3.4 g/dl. No cytopenia, hypocomplementemia, or physical findings indicative of collagen disease were found (table [1](#T1){ref-type="table"}). Light microscopy of the second renal biopsy specimens revealed 31 glomeruli, of which 4 had global sclerosis, 2 had segmental sclerosis with cellular variant, while the remainder were MGA. The bubbling appearance of glomerular loops was detected at higher magnification on PAM staining, as in the first biopsy, although their number had markedly decreased. Immunofluorescent staining was positive for IgM, C3, and C1q in the segmental sclerosis lesions, whereas all were negative in the other lesions. Electron microscopy revealed endothelial cell swelling and endocapillary cell proliferation in the segmental sclerotic lesions. Foot process effacement was global. The microspheres observed in the GBM were sparser than in the first biopsy (fig. [3](#F3){ref-type="fig"}). We diagnosed PIG complicated by FSGS. Prednisolone 40 mg/day (0.7 mg/kg) was prescribed, and the UP level gradually decreased. After 9 months, the UP was less than 0.5 g/day.

Discussion {#sec1_3}
==========

This case exhibited microspheres in the GBM on the electron microscopic findings at the first renal biopsy, although light microscopy showed only MGA. After 3 years, a second renal biopsy revealed FSGS cellular variant with microspheres. We diagnosed the patient as having PIG complicated by FSGS.

Joh et al. \[[@B1]\] reported 25 cases with microspheres and microtubular structures in the GBM as PIG. The light microscopic findings of PIG reveal a bubbling or stipple formation in association with an occasional spike formation on PAM staining. On electron microscopy, cytoplasmic processes of podocytes infold into the GBM, which involves thickening of the lamina densa. These microspheres or microtubular structures have a unit membrane and may be equivalent to a cytoplasmic membrane \[[@B1]\].

On the first biopsy, this case showed MGA in the light microscopic findings. In previous reports, 4 cases of PIG showed such findings. In 3 of them, of which 2 were diagnosed as rheumatoid arthritis and mixed connective tissue disease, and 1 exhibited lupus-like characteristics, immunofluorescent staining revealed immunoglobulin deposition \[[@B2]\]. The other case was diagnosed as minimal change nephrotic syndrome and PIG complicated by Sjögren\'s syndrome; immunoglobulin and complement were negative on immunofluorescent staining, and podocytic infolding and foot process effacement were found on electron microscopy \[[@B3]\]. Our case was different from the former 3 cases because immunoglobulin and complement were both negative, and from the latter case because of the clinical findings and scattered foot process effacement.

The second biopsy in our case showed PIG complicated by FSGS with fewer findings of podocytic infolding. Previous reports include 4 cases of PIG complicated by FSGS \[[@B4], [@B5], [@B6], [@B7]\]. One of them, who had serial biopsies, was diagnosed after the first biopsy as having PIG and FSGS associated with vesico-ureteral reflux (VUR) \[[@B4]\]. After a urethral catheter had been in place for a year, a second biopsy was performed in order to evaluate the histological findings after treatment. The second biopsy revealed findings indicative of FSGS and the disappearance of almost all podocytic infolding.

There is the possibility that on the initial biopsy our patient had FSGS that could not be detected by renal biopsy because of the small number of lesions. The fact that the first biopsy revealed scattered foot process effacement and one global sclerosis has indicated the possibility of FSGS at the initial biopsy. Therefore, our case might have been diagnosed as PIG and FSGS at the first biopsy. The possibility of FSGS at the first biopsy cannot be denied. However, in the PIG case with FSGS due to VUR, the second biopsy showed less podocytic infolding than the first, as the UP decreased with improving VUR \[[@B4]\]. Therefore, in PIG complicated with FSGS, the amount of podocytic infolding would be in proportion to UP level. On the other hand, our case showed less podocytic infolding at the second biopsy even though the UP increased. This would be compatible with our case having had PIG without FSGS, rather than complicated with FSGS at the first biopsy. Moreover, it is more important to make clear whether podocyte infolding is a morphological phenomenon or a finding of a new disease entity. The previous report showed round microparticles in FSGS \[[@B8]\]. Especially in FSGS in which podocyte injury is evaluated as fundamental damage, podocyte infolding may be caused by a morphological phenomenon of FSGS. However, because of a decrease of these lesions despite an increased UP level at the second biopsy, the podocyte infolding may be a new disease entity such as PIG which trends to associate with FSGS and collagen disease. If the podocytic infolding is a morphological phenomenon of FSGS, the podocytic infolding would be increased in proportion to increased UP. Some of the cases with podocyte infoldings, which until now have been believed to be a morphological phenomenon with other glomerulonephritis, would be a new disease entity. To discuss whether this lesion is PIG or a morphological phenomenon, it is necessary to accumulate and evaluate many similar cases.

The pathogenic mechanism of PIG is unknown. However, in collagen disease-associated PIG, the mechanism might involve antibody complement-mediated factors, which might be related to the role of special types of complement activation in situ on the microstructures, as developed on immune electron microscopic analysis \[[@B9], [@B10]\]. However, some of these cases were negative for immunoglobulin and complement in the immunofluorescence findings. Similarly, collagen disease-irrelevant PIG also may have positive and negative findings. These findings also suggest that PIG is indeed a new disease entity. However, the pathogenic mechanism of PIG may not be single, but multiple. Further cases of PIG need to be analyzed in order to determine whether PIG is a new disease entity or a transient morphological finding of a well-known disease.
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![Light microscopic findings at first renal biopsy. At low magnification, the glomerulus shows MGAs. At higher magnification, bubbling of the GBM is revealed by PAM stain. **a** Periodic acid Schiff (PAS) stain, ×400. **b** PAM stain, ×400. **c**, **d** PAM stain, ×2,000.](cru-0003-0110-g01){#F1}

![Electron microscopic findings at the first renal biopsy. Several microspheres are shown in the GBM of a capillary loop (arrowheads).](cru-0003-0110-g02){#F2}

![Microscopic findings at the second renal biopsy. Light microscopic findings show segmental sclerosis with cellular variant. At higher magnification, bubbling of the GBM is revealed by PAM stain. At electron microscopy, microspheres are shown in the GBM (arrowheads), although microspheres are sparser than at the first biopsy. **a** Light microscopic findings, PAS stain, ×400. **b**, **c** Light microscopic findings, PAM stain, ×2,000. **d** Electron microscopic findings.](cru-0003-0110-g03){#F3}
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Laboratory data at the first and second renal biopsy

                          First renal biopsy   Second renal biopsy
  ----------------------- -------------------- ---------------------
  Cr, mg/dl               0.45                 0.55
  BUN, mg/dl              10.0                 11.8
  Hb, g/dl                12.0                 11.9
  WBC, /µl                5,100                8,200
  Plt, ×10^4^/µl          27.9                 27.8
  UP, g/day               2.35                 3.06
  URBC, /hpf              \<1                  1--4
  UWBC, /hpf              \<1                  \<1
  ANA                     \<40                 40
  dsDNA, IU/ml            --                   14
  C3, mg/dl               111                  107
  C4, mg/dl               25                   24
  CH50, U/ml              50                   47
  IgG, mg/dl              931                  727
  IgA, mg/dl              201                  163
  IgM, mg/dl              89                   86
  CRP, mg/dl              \<0.05               \<0.05
  Ccr, ml/min/1.73 m^2^   111.9                156.5

Cr = Creatinine; BUN = blood urea nitrogen; Hb = Hemoglobin; WBC = white blood cells; Plt = platelets; URBC = urinary red blood cells; UWBC = urinary white blood cells; ANA = antinuclear antibody; CRP = C-reactive protein; Ccr = creatinine clearance.
